In acetate-limited chemostat cultures started with single-colony cultures of Thiobacilus versutus, a mutant appeared after approximately 85 volume changes. The inhomogeneity of the culture was detected by the development of two different types of colonies on agar plates. When a pure culture of the mutant was grown in a chemostat, parent colonies appeared after almost the same period of time. Electron micrographs of the mutant grown on butyrate showed the presence of fibrils surrounding the cells. The cells of the parent strain were bald when grown under the same conditions. The growth kinetics of the parent and the mutant were investigated in batch cultures with a variety of substrates and were found to be identical. Major differences between the two strains were observed during growth on mannitol; the mutant attained a lower yield and excreted large amounts of extracellular polysaccharides.
The loss of homogeneity of a bacterial culture during cultivation in a rigidly controlled environment is not an unknown phenomenon. Calcott (3) recently summarized a number of studies in which parent-mutant transitions in chemostat cultures were observed. In continuous cultures, at nutrient concentrations much lower than the Ks, the outcome of the competition between parent and mutant depends on the pmaxIKs ratio. At higher substrate concentrations, the competition is always won by the organism with the lowest Ks, except for the situation in which the Monod curves cross over. In this situation, at substrate concentrations below the crossover point, K, is decisive, but at higher concentrations the organism with the highest growth rate is selected (16) . Physiological causes of parent-mutant systems have been investigated in a number of cases (3) . Although some of these studies have led to an understanding of the observed phenomenon, in some transitions take-over by a mutant without obvious reasons has been noticed.
There are two possible ways to cope with the problem of the appearance of mutants in a pure culture. The first is to maintain a chemostat culture only for a short period of time, as suggested by Tempest (14) ; the second one is to wait until the most adapted organism has established itself (8) .
Here we report the appearance of a mutant with a different colonial morphology in a pure chemostat culture of Thiobacillus versutus. To identify the nature of this parentmutant transition, some growth kinetic and physiological parameters of both strains have been investigated in chemostat and batch cultures.
MATERIALS AND METHODS
Organism, media, and cultivation. A T. versutus strain formerly called A2 (ATCC 25364) (5) was a gift from J. G. Kuenen (Delft, The Netherlands); in this paper this strain is called WS. The organism was maintained on thiosulfate agar slants stored at 4°C and subcultured every 2 months. The basal medium for growth in batch culture was that of Taylor and Hoare (13), containing 2 ml instead of 5 ml of trace element solution as described by Gottschal and Kuenen (4 Identification was done by comparison with the derivative of a pure solution of mannitol.
RESULTS
The original T. versutus strain, WS, forms colonies which are best described as having a rather dense central region surrounded by a more or less irregularly shaped, spreading fringe (Fig. 1A) . These colonies fit the description of Taylor and Hoare (13) . After continuous cultivation of this strain in a chemostat for approximately 3 weeks (approximately 85 volume replacements), a novel type of colonies having smooth edges appeared besides the original when samples were streaked onto agar plates (Fig. 1B and 1C chromatograph equipped with a Chromosorb 101, 80-100-mesh, column. The total carbohydrate content of batchgrown cells harvested through centrifugation was determined with the anthrone-sulfuric acid reagent with glucose as a standard (15) . The amount of poly-3-hydroxybutyric acid was measured in 96% H2SO4 at 235 nm after extraction of acid-hydrolyzed cells with chloroform (18). Extracellular sugars in the supematant of centrifuged cultures were analyzed with the anthrone-sulfuric acid reagent (15) by the method of Somogyi (10) for the determination of reducing end groups. Mannitol concentrations were spectrophotometrically quantified after oxidation with periodate followed by the chromotropic acid-formaldehyde reaction (2) . For a qualitative determination mannitol was acetylated with acetic anhydride by using 1-methylimidazole as the catalyst (1). The alditol acetate was extracted into dichloromethane and subsequently identified by gas chromatography with a Kipp Analytica 8200 gas chromatograph equipped with a WCOT fused Silica OV 225 capillary column (length, 25 m) at 210°C. 
medium used before. Furthermore, this medium was supplemented with the B vitamins biotin and thiamine. As omission of the vitamins was without effect, the high optical densities of the cultures after growth in the Zevenhuizen-van Neerven medium were attributed to differences in mineral composition of the medium used. When cultures of T. versutus WS and WH grown on mannitol in the Zevenhuizen-van Neerven medium were left to settle, an interesting phenomenon was observed. T. versutus WS developed a compact pellet with a clear supernatant, whereas WH developed a pellet on top of which a thick layer of a diffuse substance was noticed. The supematant was again very clear (Fig. 3) . The cells of both cultures had the normal coccobacillary shape of T. versutus and appeared to be stuffed with poly-3-hydroxy-butyrate. Lysed cells were not visible. The macroscopic differences between WS and WH cells after growth on mannitol and glutamate were investigated by chemical analysis of the cultures ( Table 1 ). The composition of the cells of WS and WH was roughly the same. In the extracellular fluid, however, distinct differences were found. The yield of strain WS was 0.5 g/g of substrate, whereas WH reached only 0.4 g/g. (12) . Despite the physiological differences between parent and mutant in these studies, morphological transitions without any effect on growth have also been reported (11) . T. versutus WS and WH seem to belong to this last category, since the growth-kinetics of both strains were identical (see above). However, a marked (9, 13, 17) , and its motility (7, 13) are controversial. In view of the here reported ease of mutation we feel that the occurrence of strain differences should be taken into account.
